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in studying the role of CaZ+ in the control of intracellular processes is the low concentration of free Caz+, probably in the range O.l-lOp~, compared with the relatively high total cell Caz+, in the region of 1 mM. A number of workers have attempted to investigate this problem by studying radioactive and total Ca2+ fluxes, and by studying the effects of manipulations of the extracellular medium, including the removal of Caz+ and Mg2+, the addition of EGTA [ethanedioxybis(ethylamine)tetra-acetic acid], local anaesthetics and bivalent cationic ionophores. Unfortunately, none of these investigations have been able to show definitively whether a particular hormone raises or lowers free cytoplasmic Ca2+ or what the time-course of any changes might be.
Cytoplasmic free Caz+ has been measured in the giant single muscle fibres of the barnacle (Ashley & Ridgeway, 1970) and in the giant axon of the squid (Baker et al., 1971) after micro-injection of the Caz+-activated luminescent protein, aequorin. There have been no reports of similar studies in small cells.
The aim of the present communication is to show that a Caz+-activated luminescent protein can be resealed inside pigeon erythrocyte 'ghosts' and that this system can be used to investigate the effect of substances on free CaZ+ within the 'ghosts'. Pigeon erythrocytes were used, since stimulation by adrenaline produces large changes in the concentration of adenosine 3': S'-cyclic monophosphate (Davoren & Sutherland, 1963; A. K. Campbell, unpublished work) . There are no readily available sources of aequorin in the United Kingdom. However, it has recently been shown that a similar protein, obelin, can be extracted and purified from the hydroid Obelia geniculata (Campbell, 1974) . Sufficient quantities of obelin can be obtained to carry out physiological experiments (Ashley et al., 1975) .
A number of workers have investigated conditions for preparing human erythrocyte Vol. 3 Table 1 . Resealing of pigeon erythrocyte 'ghosts' at 37°C Cells from lOml of heparinized pigeon blood were haemolysed, centrifuged at 27000 g and washed four times in 6m-NaC1-3 mM-MgC1,. After resuspension for 5 min at 0°C in lorn-Tes [N-tris(hydroxymethyI)methyl-2-aminoethanesu~phonic acid], 6m~-NaC1, 2m~-MgC1,, ~~M -A T P (disodium salt), 10mM-phosphoenolpyruvate (potassium salt) 19 units of pyruvate kinase/ml, pH7.4, plus 1.09 x lo8 counts of obelin, a small volume of ~M -K C I was added to a final concentration of 1 5 0 m~. The suspension was incubated at 37°C and samples taken every 15min were spun at 27000g, washed and resuspended in 1OmM-Tes 140mM-NaC1, 2m~-MgCl,, ~~M -K C I , pH7.4 (medium A). Then 5 0~1 of 'ghosts' was suspended in 0.5 ml of medium A at 20°C and an equal volume of medium A plus 2m~-CaC1, added. The percentage utilization of obelin (U) after 1 min, and the time to maximum rate of light-emission ( t ) , were measured. Each value represents the mean of at least two determinations.
Obelin ATP Obelin Time of (counts/50p1 (pmol/50pl recovery in reseal (min) of 'ghosts') of 'ghosts') medium (%) U (%) 'Ghosts', resealed for 60min at 37"C, were prepared as described in Table 1 . 'Ghosts' (50~1) in 0.5ml of medium A containing no Mgz+ (a, b) or 2m~-Mg'+ (c) were preincubated for 20s with ethanol (2,d/ml) or ionophore A23187 (16pg/ml) in ethanol. Then 0.5ml of medium A plus 2m~-CaC1, containing no Mgz+ (a), 4m~-Mg'+ (b) or 2m~-M$+ (c) was injected. (Obelincounts/50p1= 37100; pmol ofATP/SOpul = 184). Each value represents the mean of at least two determinations.
Obelin utilized 1 min after CaZ+ (%)
Ethanol Ionophore I 95.6 97.8 37.6
'ghosts' (Schwoch & Passow, 1973) . By using a conventional reversed-haemolysis procedure (Table l) , obelin and ATP have been resealed inside pigeon erythrocyte 'ghosts'. The permeability of the 'ghosts' to CaZ+ has been investigated after initial haemolysis of the cells at pH7.0 or pH6.0, and after resealing in 2 m~-or 10mM-MgZ+, in the presence and absence of an ATP-regenerating system. The permeability to Caz+ of 'ghosts' prepared by resealing at room temperature (approx. 20°C) or 37°C has also been investigated. 'Ghosts' resealed for 60min at 37°C appear to provide a system relatively impermeable to Caz+ (Table 1 ) with which to study the effects of membrane agents on free CaZ+ within the 'ghosts'. The relative permeability of the 'ghosts' to CaZ+ was assessed by measuring the rate of consumption of obelin in the 'ghosts' after the addition of CaZ+ to a final concentration of 1 mM. Obelin luminescence was quantified as the number of counts recorded on a 557th MEETING, LIVERPOOL scalar or by following the rate of luminescence on a chart recorder (Campbell, 1974) . The chart recorder showed an initial peak over the first 2s due to extracellular obelin. This was followed by a slower rise and then a fall in the rate of light-emission as the obelin inside the 'ghosts' was consumed. A long time-interval ( t ) to this second peak, as well as a slow rate or utilization of the obelin (U), indicated that the 'ghosts' were relatively impermeable to Ca2+ (Table 1 ). The total obelin remaining at any time could be assayed by measuring the total counts recorded after the addition of Triton X-100 to a final concentration of 1 % (v/v).
'Ghosts' prepared by resealing for 60min at 37°C have been used to investigate the effect of the bivalent cationic ionophore A23187 (Table 2) . Preincubation of the 'ghosts' with A23187 in the absence of Ca2+ or MgZ+, followed by the addition of Caz+ or CaZ+ and MgZ+, resulted in a rapid utilization of obelin compared with the control. The effect was markedly decreased if the 'ghosts' were preincubated with A23187 in the presence of 2m~-Mg'+. Little or no effect was observed if the A23187 was first added to the medium containing CaZ+ and Mg2+ but no 'ghosts'. Leakiness of large molecules from the 'ghosts' appeared to be ruled out, since the amounts of [~arboxy-'~C]inulin or pyruvate kinase released into the medium were small and unable to account for the obelin utilized.
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